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Attorney Docket No. 030036PI EV 384 114 881 US 

REPEATER THAT REPORTS DETECTED NEIGHBORS 

TECHNICAL FIELD 

[0001] The disclosure relates to wireless communication and, more particularly, wireless 
communication systems that make use of repeaters. 



BACKGROUND 

[0002] In a wireless communication system, .base stations typically provide network access 
to subscriber units. A subscriber unit generally refers to a mobile wireless device used by an 
end user, such as a mobile radiotelephone. Base stations are generally stationary equipment 
that wirelessly communicate with the subscriber units to provide the subscriber units with 
access to a wired telecommunication network. For example, the base stations may provide 
an interface between the subscriber units and a public switched telephone network (P^TN) 
such that telephone calls can be routed to and from the subscriber units. Alternatively or 
additionally, the base stations may be coupled to a packet-based network for transmission of 
packet-based voice information or packet-based data. 

[0003] In some areas, repeaters are installed in a wireless communication system in order to 
extend network coverage associated with one or more of the base stations. A repeater 
generally refers to a network device that receives signals from a base station, and retransmits 
substantially the same signals to the subscriber units. In some cases, repeaters may be wired 
to the base station, e.g., via a fiber optic link, and in other cases, repeaters are completely 
wireless. Wireless repeaters typically receive a signal, amplify the signal, and then 
retransmit the amplified signal to the subscriber units. 

[0004] Repeaters are commonly considered a cost-effective mechanism for extending or 
improving network coverage. In particular, the use of repeaters can effectively broaden the 
geographical coverage area associated with a given base station. Moreover, the cost of 
implementing a repeater can be significantly less than the cost of adding an additional base 
station. Implementing repeaters in a wireless communication system, however, raises a 
number of challenges and potential difficulties. 
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SUMMARY 

[0005] In one embodiment, this disclosure is directed to a method comprising receiving 
information in a wireless communication system, the information being indicative of signals 
of a set of base stations that a repeater can detect in the wireless communication system, and 
updating a neighbor list based on the received information. 

[0006] In another embodiment, this disclosure is directed to a method executed in a repeater 
of a wireless communication system. The method comprises identifying signals associated 
with a set of base stations that the repeater can detect, and sending information indicative of 
the set of base stations to a specific base station that gets repeated by the repeater. 
[0007] Various embodiments are directed to a repeater, a base station control device, 
methods implemented in the repeater or the base station control device, and wireless 
communication systems that include the repeater, one or more base stations and a base 
station control device. In some cases, the techniques described herein may be implemented 
as software within a repeater or base station control device. Accordingly, this disclosure also 
contemplates computer readable media comprising computer readable instructions that, when 
executed, perform one or more of the techniques described herein. 
[0008] The details of one or more embodiments of this disclosure are set forth in the 
accompanying drawings and the description below. Other features, objects, and advantages 
of this disclosure will be apparent from the description and drawings, and from the claims. 

BRIEF DESCRIPTION OF DRAWINGS 
[0009] HG. 1 is a system diagram of a wireless communication system capable of 
implementing one or more aspects of this disclosure. 

[0010] FIG. 2 is a block diagram of a repeater according to an exemplary embodiment of this 
disclosure. 

[0011] FIG. 3 is a block diagram of a portion of the wireless communication system shown 
in FIG. 1 , illustrating an exemplary base station control device in more detail. 
[0012] FIG. 4 is a flow diagram illustrating exemplary operation of a repeater according to 
an embodiment of this disclosure. 
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[0013] FIG. 5 is a flow diagram illustrating exemplary operation of a base station control 
device according to an embodiment of this disclosure. 

DETAILED DESCMPTION 

[0014] In general, this disclosure is directed to a repeater implemented in a wireless 
communication system, and a base station control device that uses information identified by 
the repeater. The repeater includes a control unit capable of detecting signals sent from 
various base stations in the wireless communication system. In accordance with this 
disclosure, the repeater identifies a set of base stations that it can detect, and then sends 
information indicative of the set of base stations that the repeater can detect to a specific base 
station associated with the repeater. The specific base station associated with the repeater 
generally refers to a base station that sends signals that get repeated by the repeater, i.e., the a 
base station that gets repeated by the repeater. The base station sends the information 
received from the repeater to a base station control device, which makes use of the 
information as described below. 

[0015] By way of example, in a code division multiple access (CDMA) system, the repeater 
can search for pilot symbols in every possible pseudo-random noise <PN) offset defined by 
the CDMA system. If pilot symbols are detected at a particular PN offset, the repeater can 
send information indicating the detection of pilot symbols in that PN offset In this manner, 
the repeater can be used to help assess network topology. 

[00161 When the base station control device receives information from the repeater 
indicative of the set of base stations that the repeater can detect, e.g. via the base station 
associated with the repeater, the base station control device can use the information to update 
its neighbor list. That base station control device can then cause base stations to send 
updated neighbor lists to one or more subscriber units of the wireless communication system 
in order to facilitate handoffs. As an additional option, the repeater could also provide 
additional information such as energy levels, e.g., Ec/Io levels (the energy per chip of the 
pilot symbols), signal to noise ratios, received signal strength, or the specific pilots that were 
observed. In other words, the repeater could not only report which base stations that it can 
detect, but may also report the specific characteristics of the base station signals that it can 
detect. The base station, in turn can provide this information to a base station control device 
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in order to facilitate improved network control. The base station control device, for example, 
may use such information to improve "OA & M" (operation, administration and 
maintenance) of the system. 

[0017] A handoff refers to a process in which a subscriber unit changes from receiving 
service from one base station to another base station. In order to facilitate handoffs, the 
subscriber unit receives a neighbor list from its current base station, and searches for signals 
of the base stations in the neighbor list If a signal of a neighboring base station is detected, 
the subscriber unit will send an indication of detection of the neighboring base station back to 
its current serving base station. A base station control device which controls the base stations 
will cause the subscriber unit to "handoff" to the neighboring base station if the signal of the 
neighboring base station becomes preferred, e.g., in terms of signal strength, or the like. In 
that case, forward link information will be sent from both base stations for a period of time, 
unit the handoff is complete. Following a handoff, the subscriber unit would subsequently 
receive from the neighboring base station, a new neighbor list, which can be searched in 
order to possibly facilitate another handoff. m this manner, handoffs allow a subscriber unit 
to change base stations, even during cellular voice or data telephone calls. 
(0018) The implementation of repeaters can significantly affect neighbor lists because 
repeaters generally extend the geographical network coverage associated with a given base 
station. Without repeaters, a neighbor list of a given base station typically includes only 
those base stations that are within a certain geographical radius of the given base station. 
However, when a repeater is used, the neighbor list of the base station associated with the 
repeater should account for the fact that the repeater is extending the network coverage of the 
base station. In that case, the neighbor list should include additional base stations that are 
relatively close to the repeater, even if those additional base stations are relatively far from 
the base station associated with the repeater. In some cases, repeaters are implemented to 
extend along highways, thereby significantly extending the geographical distance of a base 
station to the subscriber units it services along narrow geographical bands. e.g., 
corresponding to the highways. 

[0019] Conventionally, following implementation of a repeater, a network technician 
manually surveys the network and updates the neighbor lists of the base station control 
device based on the presence of the repeater. Such manual updates to neighbor lists, 



mnmai EV 384 1 14 881 US 

Attorney Docket No. 030036P1 

however, are a costly use of human resources. Moreover, if network settings change in the 
future, the neighbor lists may become inaccurate. For this reason, in accordance with this 
disclosure, the repeater includes circuitry that allows the repeater to identify signals from 
various surrounding base stations. Accordingly, the repeater identifies signals of a set of 
base stations that it can detect, and then sends information indicative of the set of base 
stations that the repeater can detect to the specific base station associated with the repeater in 
order to allow for automatic updates of the neighbor list in the base station control device. 
[0020] FIG. 1 is a system diagram of a wireless communication system 10, including one or 
more base stations 12A-12C (collectively base stations 12), one or more repeaters 14, and 
one or more subscriber units 16. Base stations 12 are coupled to a base station control device 
18 which generally controls base stations 12. Base station control device 18 may be coupled 
to a mobile switching center 4. Mobile switching center 4, in turn, may be coupled to a 
public switching telephone network (PSTN) 8. 

[0021] Repeater 14 is typically associated with a specific one of base stations 12, in this case, 
base station 12A. In other words, repeater 14 repeats signals sent from base station 12A. In 
particular, repeater 14 receives signals 15A from base station 12A. and repeats signals 15A 
(the repeated signal being labeled 15A') in order to extend network coverage of base station 
12A. However, it may also be possible for a repeater 14 to repeat the signals of two or more 
base stations. 

[0022] Base stations 12 are generally stationary equipment that wirelessly communicate with 
subscriber unit 16 in order to provide network access to subscriber unit 16. Base stations 12 
can provide an interface between subscriber unit 14 and PSTN 8 such that telephone calls can 
be routed to and from subscriber unit 16. Again, base station control device 18 controls base 
stations 12 and interfaces with PSTN 8 via mobile switching center 4. Alternatively or 
additionally, base stations 12 may be coupled either directly or indirectly to a packet-based 
network for transmission of packet-based voice information or packet-based data. Base 
stations 12 are sometimes referred to as base transceiver systems (BTS). 
[0023] Subscriber unit 16 generally refers to a wireless device used by an end user. 
Although a single subscriber unit 16 is illustrated, system 10 typically includes a plurality of 
such units. Subscriber unit 16 typically comprises a mobile radiotelephone. However, 
subscriber unit 16 may also be implemented in any of a wide variety of other portable 
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computing devices such as a desktop or portable computer, a personal digital assistant 
(PDA), an interactive television, a wireless data terminal, a wireless data collection device, or 
any other wireless device. 

[0024] Repeater 14 comprises a network device that receives signals ISA from a base station 
12A and retransmits substantially the same signal 15A' to subscriber unit 16. Alternatively 
or additionally, repeater 14 may receive signals 15A' from subscriber unit 16 and retransmit 
substantially the same signal 15A to base station 12A. Although illustrated as a completely 
wireless device, in other examples, repeater 14 may be wired to base station 12 A, e.g., via a 
fiber optic link, copper wiring or the like. In that case, however, the wired repeater would 
only hear the attached base station on the donor side, i .e., base station 12A. 
[0025] In accordance with this disclosure, repeater 14 identifies signals 17B-17C 
(collectively signals 17) of a set of base stations 12B-12C that it can detect, and then sends 
information indicative of the set of base stations 12B-12C that repeater 14 cap detect to base 
station 12A that is repeated by repeater 14. Base station 12A, in turn forwards this 
information to base station control device 18. 

[0026] For example, if system 10 is a CDMA system, repeater 14 can search for pilot 
symbols in every possible pseudo-random noise (PN) offset defined by the CDMA system. 
If pilot symbols are detected at a particular PN offset, repeater 14 sends information to base 
station 12A indicating the detection of pilot symbols in that PN offset. In this manner, 
repeater 14 can be used to identify the presence of neighboring base stations or otherwise 
assess network topology of system 10. The signals 17 detected by repeater 14 may come 
directly from base stations 12B-12C, as illustrated in FIG. 1, or alternatively, one or more of 
signals 17 may come from another repeater, e.g., associated with one or more of base stations 
12B-12C. 

[0027] When base station control device 18 receives the information indicative of signals 17 
of the set of base stations 12B-12C that repeater 14 can detect, e.g., via base station 12A, 
base station control device 18 uses the information to update its neighbor list. Base station 
control device 18 can then cause base station 12A to send the updated neighbor list to 
subscriber unit 16 and other subscriber units of wireless communication system 10 in order to 
facilitate handoffs. Also, base station control device 18 may use this information for other 
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purposes such as OA & M purposes. For example, the specific details about the strength and 
nature of the signals may be useful to base station control device 18 for OA & M purposes. 
[0028] By using repeater 14 to detect signals 17 of base stations 12B-12C, and then report 
the signals it detects, system 10 can be significantly improved. For example, the need for a 
technician to manually survey the topology of network 10, following the implementation of 
repeater 14 may be reduced or eliminated. Moreover, because repeater 14 detects and reports 
the actual signals 17 that it detects, the neighbor list may be more accurate than a list 
generated by a technician's survey. Also, in accordance with this disclosure, the updated 
neighbor list should account for any network changes that occur, even if they occur after 
repeater 14 is deployed. For example, if base station 12C temporality malfunctions, the 
neighbor list of base station control device 18 can be updated automatically when repeater 14 
no longer detects signal 17C. Also, if additional base stations or repeaters are later deployed, 
the neighbor list of base station control device 18 can be updated automatically when 
repeater 14 detects new signals associated with the newly deployed base stations or repeaters. 
In this manner, using repeater 14 to detect signals 17 and then report the signals it detects to 
base station 12A can improve performance of wireless communication system 10. 
[0029] FIG. 2 is a block diagram of an exemplary repeater 14. In FIG. 2, the illustrated 
components include specific components that can be used in accordance with the teaching of 
this disclosure. However, other components may also exist, e.g., in order to control other 
repeater functions. In this example, repeater 14 includes a first antenna 22 (sometimes 
referred to as a "donor" antenna) to receive signals from base station 12A, and a first 
amplifier 24 to amplify the signals received at first antenna 22. In addition, repeater 14 
includes a second antenna 26 (sometimes referred to as a "server" antenna) to transmit, i.e., 
to repeat, the signals received by first antenna 22 and amplified by amplifier 24. Also, 
repeater 14 may include a second amplifier 28 to amplify signals received at second antenna, 
e.g., from subscriber unit 16. In that case, first antenna 22 transmits, i.e., repeats, the signals 
received at second antenna 26. 

[0030] In accordance with this disclosure, repeater 14 further includes a control unit 25. For 
example, control unit 25 may comprise a digital signal processor (DSP) executing software 
modules, a programmable microprocessor, or discrete hardware components. Also, control 
unit 24 may be implemented in any combination of hardware, software, firmware, one or 
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more programmable microprocessors, digital signal processors, or the like. In one example, 
contrel unit 24 comprises a DSP or chip-set similar to those typically implemented ,n 
subscriber units. In that case, the DSP can be programmed to perform the signal processing 
techniques of repeater 14 as described herein. The various components of repeater 14 are 
illustrated for purposes of explanation, but may be integrated with other components, e.g., 
within hardware or software. If the techniques described herein are implemented in software, 
a memory or other computer-readable medium (not shown) may be coupled to control unit 25 
in order to store the software instructions loaded into control unit 25 for execution. If the 
techniques are executed in digital, repeater 14 would typically include an analog-to-digital 
converter (not shown) to convert received signals to digital values, which can be processed 
by control unit 25, e.g., in the form of a DSP. 

[0031] In any case, control unit 25 examines incoming signals received at antenna 22 .n 
order to identify signals 17 (FIG. 1) received from various neighboring base stations 
12B-12C. In particular, control unit 25 detects signals 17 and then generates information 
indicative of detected signals 17 associated with neighboring base stations 12B-12C. For 
example, control unit 25 may scan received signals for the presence of pilot symbols at 
different PN offsets, e.g., which correspond to signals 17. Alternatively, control unit 25 may 
identify network identification (ID) codes from received signals, e.g., obtained from 
overhead channels of respective signals 17. In any case, control unit 25 then causes repeater 
14 to transmit the generated information indicative of detected signals 17 associated with 
neighboring base stations 12B-12C to base station 12A. Base station 12A, then forwards this 
information to base station control device 18 so that its neighbor list can be updated. Again, 
signals 17 associated with neighboring base stations 12B-12C may come directly from base 
stations 12B-12C, as illustrated in FIG. 1. or alternatively, one or more of signals 17 may 
come from another repeater, e.g., associated with one or more of base stations 12B-J2C. 
[0032] In one example, where system 10 comprises a CDMA system, control umt 25 
examines received signals 17 and searches for pilot symbols in possible pseudo-random noise 
(PN) offsets defined by the CDMA system. If pilot symbols are detected at a particular PN 
offset, control unit 25 identifies the presence of pilot symbols, and causes repeater 14 to send 
information to base station 12A indicating the detection of pilot symbols in that particular PN 
offset. In this manner, control unit 25 of repeater 14 can be used to help identify the presence 
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Of base stations 12B-12C, or otherwise assess network topology of system 10, e.g., for the 
purpose of updating the neighbor list of base station control device 18. 
[0033] FIG. 3 is a block diagram of a portion of system 10, illustrating an exemplary base 
station control device 18 in more detail. In FIG. 3, the illustrated components of base station 
control device 18 are specifically those components used in receiving information and 
updating neighbor lists in accordance with this disclosure. Numerous other components exist 
in base station control device 18 for other functions, such as for O A & M purposes. For 
simplicity, however, the additional components are not illustrated. 

[0034] As shown in FIG. 3, base station control device 18 includes a controller 36, and a 
neighbor list database 38. Neighbor list database 38 stores a list of base stations that are 
considered neighbors to base station 12A in the context of handoffs. Controller 36 
periodically fetches the neighbor list from database 38 and causes base station 12A to 
broadcast the neighbor list to various subscriber units currently registered through base 
station 12A. The subscriber units, then, use the neighbor list sent from base station 12A to 
define searches for signals of the neighboring base stations. If necessary, the subscriber units 
16 can then perform handoffs to the neighboring base stations identified in the neighbor list. 
[0035] In accordance with this disclosure, base station 12A receives from repeater 14, 
information indicative of signals 17 from a set of base stations 12B-12C that repeater 14 can 
detect (see FIG. 1). The information sent from repeater 14 is then forwarded from base 
station 12A to base station control device 18. Controller 36 of base station control device 18 
uses the information to update its neighbor list maintained in neighbor list database 38. 
[0036] By updating the neighbor list of base station control device 18 maintained in neighbor 
list database 38 based on information identified by repeater 14, the performance of system 10 
can be improved. In particular, the information indicative of signals 17 received from a set 
of base stations 12B-12C that repeater 14 can detect, allows base station control device 18 to 
update its neighbor list maintained in neighbor list database 38 in order to account for the fact 
that base stations 12B-12C are within the coverage area of base station 12A by virtue of the 
presence of repeater 14. Then, when base station 12A is caused to broadcast its neighbor list, 
other subscriber units will know to search for base stations 12B-12C in order to facilitate 
handoffs. Moreover, if network topology changes, e.g., by the addition of other base stations 
or repeaters, or the elimination or malfunction of base stations or repeaters, repeater 14 will 
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send new information to base station 12A identifying the absence or addition of base station 
signals in system 10, which allows the neighbor list of base station control device 18 to be 
adjusted accordingly. In this manner, operation of the various devices of system 10 can be 
improved. 

[0037] FIG. 4 is a flow diagram illustrating exemplary operation of repeater 14 according to 
an embodiment of this, disclosure. As shown in FIG. 4, control unit 25 of repeater 14 detects 
pilot symbols, e.g., within signals 17 sent from base stations 12B-12C (41). Then, control 
unit 25 identifies offsets associated with the various detected pilot symbols (42). For 
example, if system 10 comprises a CDMA system, control unit may identify PN offsets of ? 
the various pilot symbols, relative to system time. In that case, the PN offsets define the 
proper search times that can be subsequently used by various subscriber units in searching for 
the pilot symbols of base stations 12B-12C. 

[0038] Alternatively, control unit 25 may identify ID codes associated with base stations 
12B-12C. In any case, control unit 25 then causes repeater 14 to send information indicative 
of the identified offsets to base station 12A (43). Accordingly, base station 12A can forward 
the information to base station control device 18 so that the neighbor list can be updated. 
The process illustrated in FIG. 4 can eliminate or reduce the need for a technician to 
manually update the neighbor lists of base station control device 18, following 
implementation of repeater 14. Moreover, the process of FIG. 4 can allow for automatic and 
dynamic adjustments to the neighbor list, e.g., in response to the addition, elimination or 
malfunction of base stations or repeaters within system 10. 

[0039] FIG. 5 is a flow diagram illustrating exemplary operation of base station control 
device 18 according to an embodiment of this disclosure. As shown in FIG. 5, base station 
control device 18 receives information identified by repeater 14 indicative of signals 17 of a 
set of base stations 12B-12C that repeater 14 can detect (51). Controller 36 updates a 
neighbor list stored in neighbor list data base 38 based on the received information (52). 
[0040] Once the neighbor list has been updated (52), controller 36 causes base station 12A to 
send the updated neighbor list to various subscriber units (53). Once the updated neighbor 
list is sent to various subscriber units, those subscriber units can use the updated neighbor list 
to facilitate searches and handoffs. Importantly, because the neighbor list is updated based 
on information identified by repeater 14 indicative of signals 17 of set of base stations 12B- 
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12C that repeater 14 can detect, the subscriber units will search for signals 17, and possibly 
perform handoffs to one of base stations 12B-12C. 

[0041] Various embodiments of the have been described. In particular, a wireless 
communication system has been described in which a repeater in the system identifies signals 
of a set of base stations that the repeater can detect. In accordance with this disclosure, the 
signals of a set of base stations that the repeater can detect may come directly from the 
different base stations, e.g., as illustrated in FIG. 1, or may alternatively come from other 
repeaters associated with the various base stations. 

[0042] After identifying signals of a set of base stations that the repeater can detect, the 
repeater then reports information indicative of the signals to a specific base station associated 
with the repeater. The base station then forwards this information to a base station control 
device, which updates its neighbor list based on the information it receives from the repeater. 
Updated neighbor lists can then be sent to subscriber units. The subscriber units can use the 
updated neighbor list to search for neighboring base stations for the purpose of facilitating 
handoffs. 

[0043] The techniques described herein may be implemented in a subscriber unit or base 
station in hardware, software, firmware, or the like. Example hardware implementations 
include implementations within a digital signal processor (DSP), an application specific 
integrated circuit (ASIC), a field programmable gate array (FPGA), a programmable logic 
device, specifically designed hardware components, or any combination thereof. In addition, 
one or more of the techniques described herein may be partially or wholly executed in 
software. In that case, a computer readable medium may store or otherwise comprise 
computer readable instructions, i.e., program code, that can be executed by a processor or 
DSP of a subscriber unit or base station to carry out one of more of the techniques described 
above. 

[0044] For example, the computer readable medium may comprise random access memory 
(RAM), read-only memory (ROM), non-volatile random access memory (NVRAM), 
electrically erasable programmable read-only memory (EEPROM), flash memory, or the like. 
The computer readable medium can be coupled to control unit 24 of subscriber unit 16, or 
coupled to controller 36 of base station control device 18. In those cases, control unit 24 or 
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controller 36 may comprise a processor or DSP that executes various software modules 
stored in the computer readable medium. 

[0045] Numerous other modifications may be made without departing from the spirit and 
scope of this disclosure. For example, although many of the techniques have been described 
in the context of CDMA systems, the techniques may also be applicable to other systems 
such as time division multiple access (TDMA) systems, frequency division multiple access 
(FDMA) systems, systems such as the global system for mobile communication (GSM) that 
use combinations of TDMA and FDMA techniques, or the like. Also, neighbor lists have 
been described as being stored in base station control device 18, they could alternatively be 
stored and updated in other devices of a wireless communication system, such as within base 
stations 12 or within mobile switching center 4, or a similar device. Accordingly, these and 
other embodiments are within the scope of the following claims. 
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CLAIMS: 

1. A method comprising: 

receiving information in a wireless communication system, the information being 
indicative of signals of a set of base stations that a repeater can detect in the wireless 

communication system; and 

updating a neighbor list based on the received information. 

i 

2. The method of claim 1, further comprising causing the updated neighbor list to be 
sent to one or more subscriber units of the wireless communication system. 

3. The method of claim 1 , wherein the information identifies a set of phase offsets 

i 

detected from the signals of the set of base stations. 

» 

4. The method of claim 1 , wherein the information includes identification codes 
detected from the signals of the set of base stations. 

5. The method of claim 1 , wherein the wireless communication system comprises a code 
division multiple access (CDMA) system and the information identifies pseudo-random noise 
(PN) offsets. 

■ 

6. A method executed in a repeater of a wireless communication system, the method 
comprising: 

identifying signals associated with a set of base stations that the repeater can detect; 

■ 

and 

sending information indicative of the set of base stations to a specific base station that 
is repeated by the repeater. 

7. The method of claim 6, wherein the information identifies a set of phase offsets 
detected from the signals of the set of base stations. 
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8. The method of claim 6, wherein the information includes identification codes 
detected from the signals of the set of base stations. 

9 The method of claim 6, wherein the wireless communication system comprises a code 
division multiple access (CDMA) system and the information identifies pseudo-random notse 
(PN) offsets. 

10. The method of claim 6, further comprising identifying energy levels of the signals 
and sending information indicative of the energy levels. 

11. The method of claim 6, further comprising identifying pilot symbols of the signals 
and sending information indicative of the identified pilot symbols. 

t 

12 A computer readable medium comprising computer readable instructions that when 
executed in a device of a wireless communication system, cause the device to update a 
neighbor list based on information received from a repeater in the wireless communicaUon 
system, the information being indicative of signals of a set of base stations that the repeater 
can detect. 

13 The computer readable medium of claim 12. further comprising instructions that 
when executed cause the device to send the updated neighbor list to one or more subscnber 
units of the wireless communication system. 

14. The computer readable medium of claim 12, wherein the information identifies a set 
of phase offsets detected from the signals of the set of base stations. 

15. Thecomputerreadablemediumofclaim 12, wherein the information includes 
identification codes detected from the signals of the set of base stations. 
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16. The computer readable medium of claim 12, wherein the wireless communication 
system comprises a code division multiple access (CDMA) system and the information 
identifies pseudo-random noise (PN) offsets. 

17. A computer readable medium comprising computer readable instructions that when 
executed in a repeater of a wireless communication system, cause the repeater to: 

identify signals associated with a set of base stations that the repeater can detect; and 
send information indicative of the set of base stations to a specific base station that is 
repeated by the repeater. 

18. The computer readable medium of claim 17, wherein the information identifies a set 
of phase offsets detected from the signals of the set of base stations. 

19. The computer readable medium of claim 17, wherein the information includes 
identification codes detected from the signals of the set of base stations. 

20. The computer readable medium of claim 17, wherein the wireless communication 
system comprises a code division multiple access (CDMA) system and the information 
identifies pseudo-random noise (PN) offsets. 

21. A device of a wireless communication system, the device comprising: 

i * 

a receiver to receive information in the wireless communication system, the 
information being indicative of signals from a set of base stations that a repeater can detect in 
the wireless communication system; and 

a control unit to update a neighbor list based on the received information. 

22. The device of claim 21, further comprising a transmitter to send the updated neighbor 
list to a specific one of the base stations for transmission to one or more subscriber units of 
the wireless communication system. 
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23. The device of claim 21, wherein the information identifies a set of phase offsets 
detected from the signals of the set of base stations. 

i • 
i 

24. The device of claim 21, wherein the information includes identification codes 
detected from the signals of the set of base stations. 

1 

25 The device of claim 21, wherein the wireless communication system comprises a 
code division multiple access (CDMA) system and the information identifies pseudo-random 
noise (PN) offsets. 

26. A repeater of a wireless communication system comprising a control unit to identify 
signals associated with a set of base stations that the repeater can detect and cause the 
repeater to send information indicative of the set of base stations to a specific base station 
that is repeated by the repeater. 

27 . The repeater of claim 26, wherein the information identifies a set of phase offsets 
detected from the signals of the set of base stations. 

28. The repeater of claim 26, wherein the information includes identification codes 
detected from the signals of the set of base stations. 

§ 

29 The repeater of claim 26, wherein the wireless communication system comprises a 
code division multiple access (CDMA) system and the information identifies pseudo-random 
noise (PN) offsets. 



30 A wireless communication system comprising: 

a repeater that identifies signals associated with a set of base stations that the repeater 

can 



detect, and sends information indicative of the set of base stations that the repeater can 



detect; and 

a device that receives the information and updates a neighbor list based on the 



information. 
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31. The system of claim 30, wherein the information identifies a set of phase offsets 
detected from the signals of the set of base stations. 

32. The system of claim 30, wherein the information includes identification codes 
detected from the signals of the set of base stations. 

33. The system of claim 30, wherein the wireless communication system comprises a 
code division multiple access (CDMA) system and the information identifies pseudo-random 
noise (PN) offsets. 

34. A device of a wireless communication system comprising: 

means for receiving information in the wireless communication system, the 
information being indicative of signals from a set of base stations that repeater can detect in 
the wireless communication system; 

means for storing a neighbor list; and 

means for updating the neighbor list based on the received information. 

35. The device of claim 34, further comprising means for sending the updated neighbor 
list to one or more subscriber units of the wireless communication system. 

36. A repeater of a wireless communication system comprising: 

means for identifying signals associated with a set of base stations that the repeater 

can detect; and 

means for sending information indicative of the set of base stations to a specific base 
station that gets repeated by the repeater. 

37 The repeater of claim 36, wherein the wireless communication system comprises a 
code division multiple access (CDMA) system and the information identifies pseudo-random 
noise (PN) offsets. 
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ABSTRACT 

This disclosure is directed to a repeater and base station control device implemented 
in a wireless communication system. The repeater includes a control unit capable of 
detecting signals sent from various base stations in the wireless communication system. In 
accordance with this disclosure, the repeater identifies a set of base stations that it can detect, 
and then sends information indicative of the set of base stations that the repeater can detect to 
a specific base station that gets repeated by the repeater. In this manner, the repeater can be 
used to help assess network topology. The base station control device receives the 
o,;™ wr, th* hn«. station and can use the information to update a neighbor list 
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PROCESS FOR DESIGNING INHIBITORS 
OF THE LIFE CYCLE OF INFLUENZA A VIRUS 
TARGETED TO THE VIRAL NON-STRUCTURAL PROTEIN 1 

The Multiple Functions Of The NS1 Protein Of Influenza A Virus (NS1A Protein) In The 
Intracellular War Between The Virus And Human Cells 

The intracellular war between influenza A virus and human cells is comprised of several 
battles, and the viral NS 1 A protein plays a major role in many of these battles. The first 
battle: infection of human cells by influenza A virus activates the interferon (IFN)- 
independent transcription of antiviral genes mediated by activated interferon regulatory 
factor-3 (IRF-3) transcription factor. The NS1A protein counters this cellular antiviral 
response at the post-transcriptional level by binding cellular proteins required for the 3 * end 
processing of cellular pre-mRNAs. Mature antiviral mRNAs are not made unless the virus 
encodes a NS 1 A protein with a mutated effector domain binding site for one of these cellular 
factors (CPSF). This mutation also affects a second cellular antiviral response; IFN-beta 
mRNA is produced earlier and in larger amounts, because post-transcriptional processing of 

■ 

cellular pre-mRNAs is not inhibited throughout infection. In addition, the NS1 A protein is 
localized in the cytoplasm, indicating that CPSF binding mediates nuclear import/retention of 
the NS 1 A protein. Another sequence in the NS1 A effector domain, the nuclear export signal 
(NES, amino acids 137-146) plays an important role, because a recombinant virus encoding a 
NS1A protein with a mutated NES is substantially attenuated. The N-terminal RNA-binding 
domain, which binds double-stranded KNA (dsRNA) with low affinity, plays a different role, 
as demonstrated using recombinant viruses that encode NS1 A proteins whose only defect is 
in RNA-binding: PKR, expressed constitutively in the absence of IFN, is activated, eIF2- 
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alpha is phosphorylated, and viral protein synthesis is inhibited. After its activation, PKR is 
degraded. 

The RNA Binding Domain Of The NS1 Protein Of Influenza A Virus: Identification Of One 
Of Its Functions During Virus Infection 

The NS1 protein of influenza A virus (NS1A protein) plays a major role in the intracellular 
war between the virus and human cells. Functions of the effector domain of the NS1 A 
protein, which comprises die C-terminal two-thirds of die protein, have been elucidated. In 
contrast, the function of the N-tenninal RNA-binding domain of the NS1 A protein, which 
binds dsRNA with low affinity, has not been established. For example, it does not squester 
dsKNA to prevent the activation of either IRF-3 or NF-kappaB. Here we determine whether 
dsRNA binding by this domain prevents activation of PKR during infection. Activated PKR 
phosphorylates the translation initiation factor eIF2a, resulting in the inhibition of protein 
synthesis and virus replication. Substantial amounts of PKR, which can be activated by 
dsRNA or by specific proteins, are expressed constitutively in die absence of interferon. 
Previous results from others indicated that the amino acids of the NS1 A protein that 
participate in the inhibition of PKR do not include those that are required for RNA binding. 
We generated recombinant A/Udorn/72 viruses that encode NS1 A proteins whose only defect 
is in RNA binding. Because the R at position 38 (R38) and K41 are the only amino acids that 
are required solely for RNA binding, we substituted A for either one or both of these amino 
acids. The three mutant viruses are highly attenuated: the R38 and K41 mutant viruses form 
pin-point plaques, and the double mutant (R38/K41) does not form visible plaques. During 
high multiplicity infection of A549 cells with any of these mutant viruses, PKR is activated, 

eIF2a is phosphorylated, and viral protein synthesis is inhibited. Surprisingly, after its 
activation, PKR is degraded. The R38/K41 double mutant is most effective in inducing PKR 
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activation. We conclude that one of the intracellular functions of the RNA-binding domain 
of the NS1 A protein is to prevent the activation of PKR by binding dsRNA. 
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